Cystic hygroma is a non-malignant tumour of the lymphatic system which occurs at sites when the lymphatic system fails to interact with venous system. This disorder is frequent in infancy but rare in adults. The etiology of this disorder is not known and no specific therapy exists. Therefore, there is an urgent need to develop an in vitro model system from cystic hygroma tumour cells to understand molecular mechanism of this disorder specifically in young children. In the present study, we have isolated morphologically distinct cells which have tumorigenic potential from cystic hygroma tumour. The tissue and the cells were characterized using specific molecular markers. Our data showed that these cells expressed Nanog, Keratine18, CD73, CD34, CD44, EGFR, TNF-α and Vimentin both in vivo and in vitro cells. However, Oct4, C-kit, SSEA-4, Ki-67 and VEGF-A are expressed only in vitro cells. IL-6 is highly expressed in in vitro cells indicating their pro-inflammatory response in cystic hygroma cells. This study reports for the first time the specific molecular markers which are expressed in the cells and tissue of cystic hygroma tumour which may be responsible for the tumour development. Immunofluorescence microscopy confirms the expression of two proteins i.e. EGFR and Ki-67 which are indicative of benign status of cystic hygroma. Therefore, human cystic hygroma cell line represents a suitable in vitro model system to study the mechanism of cystic hygroma tumour development and to identify and design a specific molecular target for cystic hygroma therapies in young children in near future.
Introduction
Cystic hygroma also known as water-tumor or lymphangioma is a benign malformation of lymphatic vessels commonly found in children but rarely in adults. It is the most frequently occurring type of lymphangiomas, comprising of single or multiple macrocystic lesions which can occur anywhere in the body. It usually occurs when the lymphatic system fails to communicate with the normal jugular vein which can occur in the head, neck, axilla, cervico-facial regions, groin and below the tongue. It can be due to genetic or environmental factors in children. In case of fetus, the cystic hygroma can develop into fetal hydrops that is, excess watery-fluid throughout the body resulting in fetal death whereas in some cases the baby survives however, develop other conditions like swelling, yellowish tan tumor and webbed neck. There is a possibility that the hygroma can be larger than the size of the fetus.
Cystic hygroma in children is usually associated with other chromosomal abnormalities like Turner syndrome (45 XO), Trisomy 13 (Patau syndrome), Trisomy 18 (Edward's syndrome), Trisomy 21 (Down's syndrome) and Noonan's syndrome (45 X/ 46 XY). The environmental factors include maternal substance abuse such as consumption of alcohol and maternal viral infections such as one caused by Parvo virus of Fifth's disease (Erythema infectiosum). Cystic hygroma is considered to be an indicator of heart malformations and congenital diaphragmatic hernia in children with normal karyotype as previously reported by Sananes et al. (2010) and Bulas et al. (1992) . Schefter et al. (1985) and Antoniades et al. (2000) showed that upper respiratory tract infection or trauma could also trigger the onset of cystic hygroma in adults. Ali et al. (2006) reported that infection by Streptococcus or Staphylococcus species within the cyst can cause rapid enlargement of cystic mass resulting in airway obstruction. Sherman et al. (2001) and Suk et al. (1997) mentioned that less than 100 cases of adult cystic hygroma have been reported so far. In a research study, Karmody et al. (1982) showed that about 50-60% of the Lymphangiomas are congenital whereas 80-90% of tumor can be detected by 2 years of life.
Cystic hygroma is mainly characterized by the uncontrolled proliferation of the small lymphatic vessels with intervening fibrous tissue. It has been observed that some benign neoplasms have angiogenic activity that is generation of new capillaries from the preexisting vessels. Maddalozzo et al. (1999) studies showed that the cells isolated from cystic hygroma tissue are angiogenic in nature. This angiogenic activity is due to the elevated levels of angiogenic inducer that is, basic fibroblast growth factor (bFGF) and low levels of angiogenic inhibitor that is, thrombospondin-1. Sauter et al. (1998) along with his co-worker showed upregulation of CD34 and CD31 and type VI collagen expression in Lymphangioma. Leung et al. (1989) showed that VEGF (vascular endothelial growth factor) acts as a specific mitogen for vascular endothelial cells. According to D'Arcangelo et al. (2000) , VEGF has the ability to induce vascular endothelial cell proliferation, cell migration and inhibits programmed cell death that is; apoptosis. Roberts et al. (1995) and Millauer et al. (1993) reported that VEGF plays a key role in regulation of angiogenesis and vasculogenesis. In a research study by Millauer et al. (1993) , Kim et al. (1993) and Melnyk et al. (1996) , it has been observed that deregulation of VEGF results in development of wide variety of solid tumors. In another study, Susanne N. et al. (2007) demonstrated elevated VEGFR-2 (vascular endothelial growth factor receptor) and R-3 and down-regulation of LYVE-1(lymphatic vessel endothelial hyaluronan receptor-1) in the lymphatic endothelial cells derived from lymphangioma tissue which helps to understand the etiology of lymphangiomas.
The discovery of these highly specific markers for lymphatic endothelial cells isolated from lymphangioma tissue has permitted the isolation and molecular characterization of markers other than endothelial markers in order to study the development of a cell line derived from cystic hygroma tumor. However, not much research has been carried out on the molecular marker expression on cystic hygroma tumor cells so as to define their mesenchymal and haematopoietic phenotypes along with pluripotency and cytokine properties. The main aim of our study is to develop a technology for isolation of cystic hygroma tumor cells and to understand the molecular mechanisms related to cystic hygroma tumor cells which are derived from cystic hygroma tumor tissue both at in vivo and in vitro levels. The other goal is to study the morphological features of cystic hygroma tumor cells in order to discern the origin of these cell types. 
Materials and Methods

Establishment of Human Cystic Hygroma Cell Line
Cystic hygroma tumor tissue was removed by surgery and sent to Molecular Medicine laboratory under sterile conditions as per the ethical guidelines of Jaslok Hospital & Research Center. The tissue was cut into 2-4 mm pieces and washed 2-3 times in 1x PBS (Phosphate Buffer Saline, HiMedia, India) as per the protocol described by (Potdar and Chaugule 2011) . In brief, the tissue pieces were digested with 0.25% Trypsin-EDTA (HiMedia, India) for 30 minutes at 37 o C and cultured in 35 mm nunc petri dishes. The dishes were fed with freshly prepared growth medium DMEM (Dulbecco's Modified Eagles's Medium, HiMedia) supplemented with FBS (Fetal Bovine Serum, Invitrogen, Carlsbad, CA), Penicillin-Streptomycin, Insulin (Sigma, USA) and L-Glutamine (HiMedia). Cultures were then incubated in CO2 incubator at 37 o C. The outgrowth of cells was monitored everyday under phase contrast microscope. Within 5-8 days, cells were found to be emerging out from explants. The area of similar cell type was marked and isolated using previously described puck cylinder method . These isolated cell type were then transferred to 35 mm tissue culture plates and were fed with freshly prepared growth medium (Puck T. et al 1956) . Once the cells were confluent within 15-20 days, they were trypsinized with 0.25% Trypsin-EDTA and passaged. The same procedure was repeated after confluency and cells were further expanded in 50 mm tissue culture flask. These cells were used for RNA extraction and other experiments.
Remaining cells were cryopreserved at -85 o C till further use.
Phase Contrast Microscopy
Morphological analysis of cultured cells was performed using a phase contrast microscope (Carl Zeiss Co.) equipped with TSView software used for capturing images. The cells were observed under 20X and 40X magnifications. The cells were monitored regularly and images were captured for analysis of morphological features.
Light Microscopy
For the analysis using light microscopy, cystic hygroma cells were grown on the sterile coverslips and incubated for 2 days in growth media in order to attain partial confluence prior to Giemsa staining. Giemsa staining was performed in order to understand the basic morphological characteristics of the cystic hygroma cell line. Approximately 1×10 4 cells were grown on the sterile coverslips which were placed in 35mm dishes (Nunc). The cells were then fixed with 50% methanol for 10 minutes. Methanol was decanted and the cells were washed with 1X PBS. Cells were then treated with 3 ml filtered Giemsa stain (Fisher Scientific) followed by washing with distilled water to remove the excess of stain. The coverslip was air-dried and then observed under light microscope.
In Vitro Cytotoxicity Studies of Cystic Hygroma Stem Cell Line
The in vitro cytotoxicity assay was performed using MTT (3-(4, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide) assay. In mitochondria, MTT is reduced to formazan crystals. This reaction was catalysed by the mitochondrial dehydrogenase enzyme. The wavelength at which formazan crystals absorb light is around 405nm which helps in measuring the viability of cells as well as rate of cell proliferation by monitoring the conversion of MTT into formazan crystals. The cystic hygroma cells were first counted using a Neubaur's chamber. These cells were then seeded at a density of 1×10 4 cells per well in a 96-well plate. This experiment was performed in triplicates. Cells were fed with complete media and the media was changed every alternate day. After each time point, media was removed and replaced with 90 µl fresh growth media and 10 µl MTT (HiMedia, India) under dark conditions and incubated for 4 hours at 37°C in CO2 incubator. After 4 hours of incubation, media was removed and replaced with 200 µl dimethyl sulfoxide (DMSO, Merck). The absorbance was measured at 405 nm on microplate reader model SUNRISE (Tecan, India). 
Characterization of Cystic Hygroma Stem Cell Line Using Different Molecular Markers
Total RNA was extracted from the cystic hygroma tissue for in vivo study and from the cystic hygroma cultured cells for in vitro study by using Trizol Reagent (Invitrogen, India). The isolated total RNA was quantified using spectrophotometer (Eppendorf, Germany). The cDNA was synthesized using Applied Biosystems High Capacity cDNA Kit (Applied Biosystem, Life Technologies Ltd.). Total 20 molecular markers were used to perform gene expression studies to characterize the cellular phenotype of cystic hygroma at in vivo and at in vitro level which include CD105, CD13, CD73, CD34, CD45, OCT4, NANOG, SOX2, LIF, KERATIN 18, CD44, cKIT, SSEA4, Ki67, EGFR, VIMENTIN, VEGF A, IL6, TNFα and β Actin as an internal control.
The molecular marker study was performed using Reverse Transcriptase PCR (RT/PCR). The PCR conditions and primer sequences for the respective genes have been reported in previous studies described by Potdar et al. (2010 Potdar et al. ( , 2011 . The PCR products were analyzed for their respective amplifications on 2% Agarose gel and photographed using Gel Documentation system (Cell Biosciences, India).
Immunofluorescence
For immunofluorescence, the cells were directly seeded onto the sterile coverslips in 35mm culture dishes (Nunc). The confluent cells were fixed with 4% formaldehyde and incubated overnight. The culture coverslips were removed with the cell surface facing on top and placed in a clean and dry 35 mm dish. The coverslips were washed with 1 X PBS twice. The cells were then incubated with blocking buffer (1% BSA in 1X PBS) for 30 minutes at room temperature. Cells were incubated for 2 hours with primary antibodies EGFR (Mouse Anti-Human EGFR H11, DAKO Corporation, CA, USA), Ki67 (Purified AntiHumanKi67, BD Pharmingen TM, SanDiego CA) followed by secondary antibodies (FITC-labelled goat anti-mouse IgG) again for 2 hours at room temperature under dark conditions. After incubation, a drop of fluromount mounting media (Fluromount, Sigma, USA) was added on a clean grease-free slides and the culture coverslips were carefully placed on top of the mounting media. The edges of the coverslips were sealed using a quick dry nail-polish. After complete drying, the slides were observed under Carl Zeiss Phase Contrast Microscope using FITC filter for fluorescence microscopy.
Results
Morphological Analysis of Cystic Hygroma Cell Line
The cystic hygroma cells were isolated and cultured from the cystic hygroma tumor tissue as described above. Explant cultures were monitored regularly under phase contrast microscope. Outgrowth of cells was seen within 5 days of culture, from explant figure 1 (a). Figure 1 (b) shows confluent cultures of cystic hygroma cell line having spindle shaped cells with distinct shiny nucleus and nuclei with scanty cytoplasmic granules giving it a clear appearance. These cells show mesenchymal and endothelial cell like appearance. Giemsa staining was performed to understand the general morphological characteristics and cytoplasmic structure of the cystic hygroma tumor cells. The stained cells show presence of more than one nucleus which are positioned at the centre of the cells as shown in the figure 1 (c) . These cells showed high multiplication rate and few cells were found to be in the mitotic phase. Transformed cells showed presence of an aggregated cell clone as shown in the figure 1 (d). 
In Vitro Cytotoxicity Studies of Cystic Hygroma Stem Cell Line
The cell growth study by MTT assay is used to estimate viability of cells and proliferation rate. The MTT assay plot (figure 2) shows an increase in cell proliferation (up to day 6). The formations of resultant purple formazan crystals were directly proportional to the energy metabolism in the cells. The doubling time of cystic hygroma tumor cells was found to be 38 hours. 
Characterization of Cystic Hygroma Tumor Tissue and Cystic Hygroma Cell Line Using Different Molecular Markers
The present study was undertaken to assess the molecular characterization of cystic hygroma tumor (in vivo) and cystic hygroma cell line (in vitro) in order to confirm specific phenotypes by using specific set of molecular markers such pluripotency, differentiation, mesenchymal, haematopoietic and cytokine markers.
Pluripotency and Differentiation Markers in Cystic Hygroma Tumor and Cystic Hygroma Cell Line
Expression of Oct4, Nanog, Sox2, LIF and Keratin 18 as markers for pluripotency and differentiation were studied in tumor tissue and in cystic hygroma cell line respectively as shown in the figure 3. It was observed that Oct4 and Sox2 were not expressed in vivo whereas, Nanog was up regulated. In case of in vitro, Oct4 and Nanog were mildly expressed whereas Sox2 was shown to be down regulated indicating that Sox2 plays some role in pathogenesis of cystic hygroma and needs further investigation. Differentiation markers LIF was down regulated both in vivo and in vitro whereas Keratin 18 was up regulated.
Figure 3: Shows the Expression of Pluripotency and Differentiation Cell Markers in Cystic Hygroma Tissue (in Vivo) and Cystic Hygroma Cell Line (in Vitro).
Mesenchymal and Haematopoietic cell Markers in Cystic Hygroma Tumor and Cystic Hygroma Cell Line
Mesenchymal and haematopoietic cell markers expression in cystic hygroma tumor (in vivo) and in cystic hygroma cell line (in vitro) is shown in figure 4 . It was observed that CD105, CD13 and CD45 genes were not expressed in vivo. CD105 was found to be positive in vitro whereas, CD13 and CD45 were negative in vitro. CD73 and CD34 were found to be up regulated in both in vivo and in vitro indicating that they may be partially mesenchymal and haematopoietic in nature. 
Other Cell Markers in Cystic Hygroma Tumor Tissue and in Cystic Hygroma Cell Line
It was observed that cell markers C-kit, SSEA4, Ki-67 and VEGF-A were expressed in vitro whereas CD44, EGFR and vimentin were expressed both in vivo and in vitro as shown in the figure 5. 
Cytokine Markers in Cystic Hygroma Tumor Tissue and in Cystic Hygroma Cell Line
It was observed that cytokine markers IL-6 and TNF-α were expressed both in vivo and in vitro indicating that both IL-6 and TNF-α were regulators of angiogenesis. However, IL-6 was down regulated in vivo as shown in figure 6. 
Key: (+++) indicates strongly positive, (++) indicates positive, (+) indicates mildly positive and (-) indicates negative expression.
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Immunofluorescence
Immunofluorescence is a simple and efficient technique to locate any specific cell types by using specific antibodies associated with these cells. In the present study, we have used 3 different primary antibodies (Ki-67, EGFR and Actin) in order to confirm their expression in the cystic hygroma cell line.
Localization of Ki-67, EGFR and Actin Proteins in Cystic Hygroma Cell Line
Ki-67 is a proliferative marker for tumor cells. It is a protein found only in the dividing cells and not in cells which are in the resting phase of the cell cycle. It is an antigen which induces immune system to produce antibodies against it. It has an important role in cell division. High level of Ki-67 is associated with poor prognosis of this disease. In the present study, it was observed that many cystic hygroma tumor cells expressed Ki-67 as shown in the figure 7 (a) and (b) . Figure (a) shows the phase contrast microscopy of same cells without fluorescence.
In normal cells, EGFR, a surface protein receptor, plays an important role in cell growth and differentiation. However, aberrant activation of EGFR results in enhanced proliferation and tumorigenesis. It was seen that EGFR is expressed in many cystic hygroma cells as shown in the figure 7 (c) and (d). Figure (c) show the phase contrast microscopy of same cells without fluorescence.
β-Actin, a house-keeping gene, was used as an internal control in gene expression studies as this gene is expressed at constant levels in any pathological and non-pathological conditions which is shown in figure 7 (e) and (f). 
Discussion
Cystic hygroma is usually histologically characterized by proliferation of small lymphatic vessels with intervening fibrous tissue as described by Maddalozzo et al. (1999) . The lymph sacs are developed at the mesoblast stage at the 6 th week of embryonic life which is located in the neck between the subclavian and jugular veins. According to Russell et al. (2000) and Shahriari et al. (2001) , it may either arise due to the segregation of the primitive embryonic lymphatic tissue or due to the congenital blocking of the regional lymph drainage. They are locally aggressive, benign lesions that are difficult to manage due to the recurrence of the tumor following surgery. Naresh et al. (2010) demonstrated that it is histologically characterized by a single layer endothelium which contains watery fluid i.e. lymph.
At the time of birth, the size of the tumor is small but enlarges gradually as it fills. Expansion of the hygroma may also occur due to internal bleeding or infection, due to which the overlying skin will have red or inflamed appearance. Cystic hygroma due to infection may be painful causing rapid enlargement of the cyst. This may reduce the antibiotic effect on the cyst due to which there is scarring in the cystic hygroma and in the surrounding tissue. This can lead to complications in the surgery as it becomes very difficult to control the infection. Therefore, there is a need to develop an in vitro model system of cystic hygroma tumor in order to study the biomarkers related to cystic hygroma which will be helpful in developing targeted therapies against hygroma tumor in young children.
In the present study, we have developed a technology to isolate cystic hygroma tumor cells from cystic hygroma tumor tissue and this cell line is at passage 11 and growing well in culture. These cells were grown in DMEM medium without EGF and designated as "Cystic Hygroma Cell line" (CHCL Roberts et al. (1995) and Millauer et al. (1993) have earlier demonstrated that VEGF plays a very important role in regulation of angiogenesis and vasculogenesis and that deregulation of VEGF results in development of wide variety of solid tumors. Susanne et al. (2007) showed that elevation of VEGFR-2 (vascular endothelial growth factor receptor) and R-3 and down-regulation of LYVE-1 (lymphatic vessel endothelial hyaluronan receptor-1) in the lymphatic endothelial cells derived from lymphangioma tissue can helps in understanding the etiology of lymphangiomas. Nagy et al. (2002) studies demonstrated that VEP/ VEGF-A (vascular permeability factor/ vascular endothelial growth factor) act as a multifunctional cytokine which has an important role in pathological angiogenesis. In our study, VEGF-A is expressed at very high levels in vitro indicating that they may be associated with pathological angiogenesis in cystic hygroma in young children. In a research study by CarsonWalter et al. (2001) , Duff et al. (2003) , Sullivan et al. (2003) and Fonsatti et al. (2004) demonstrated that CD105, a surface marker and TNF-α, a cytokine are found to be associated with lymphatic tumors. Our study correlates with these findings i.e.; CD105 is mildly expressed in vitro indicating that it can be used as a novel marker to characterize the differentiation status of mesenchymal cells in cystic hygroma tumor whereas, TNF-α is expressed both in vivo and in vitro which may be a causative agent for cystic hygroma development in young children.
The recent discovery of these specific markers for lymphangiomas has permitted the isolation and molecular characterization of cystic hygroma tumor cells. However, the expression levels and the stability of different markers have not been studied so far which gives us an opportunity to study the origin of these tumor cells. In the present study, 4 different cell markers were used that is, pluripotent, mesenchymal, haematopoietic and cytokine markers. In case of pluripotency and differentiation markers, Nanog and Keratin 18 are expressed both in vivo and in vitro indicating that Nanog has the ability to In case of mesenchymal and haematopoietic cell markers, CD73 and CD34 is expressed both in vivo and in vitro indicating that CD73 shows partial mesenchymal phenotype in cystic hygroma tissue and cells whereas, CD34 shows haematopoietic phenotype and is acting as an endothelial marker which can be used to differentiate or identify the lymphatic malformations from the venous malformations especially in pathological practice in young children. In case of cytokine markers, IL-6 is expressed in vitro showing pro-inflammatory response in cystic hygroma cells.
Other cell markers which show association with cystic hygroma are CD44, C-kit, SSEA4, Ki-67, EGFR, vimentin and VEGF-A which are expressed in vitro. CD44 is usually associated with cell proliferation, cell differentiation, cell migration, and angiogenesis indicating that cystic hygroma cells may be showing one of these activities. C-kit is a tumor marker involved in cell migration and its expression in these tumor cells is a positive indicator for cell migration. SSEA-4 is a pluripotent embryonic marker which may associate with cystic hygroma tumor cells. Ki-67 is a proliferative marker expressed in these tumor cells which shows high proliferation rate. EGFR is a prognostic marker for most of the tumors and its expression in our study correlate with these findings. Vimentin expression is responsible for maintenance of cytoskeleton of cystic hygroma cells.
Immunofluorescence microscopy helps in localization of specific cell types. In the current study, we have selected 2 antibodies which were up-regulated in cystic hygroma cells in order to confirm the expression of EGFR and Ki-67 along with the β-Actin which acts as an internal control. In our study, it has been observed that EGFR and Ki-67 proteins were expressed in few specific cystic hygroma tumor cells. EGFR is highly expressed in most of the cancers and tumors. Normanno et al. (2006) reported that EGFR is expressed at high levels in vascular tumors indicating that EGFR plays an important role in vascular angiogenesis. Ki-67 is mildly expressed in cystic hygroma cells indicating that Ki-67 acts as a proliferative marker.
Overall, this paper describes the technology to develop cystic hygroma cell line from cystic hygroma tumor tissue. We are the first to report the development and characterization of this cell line by using several molecular markers which are expressed in this tumor. This will open up new avenues to understand the mechanism of progression of this disease in young children as well as to develop therapies for the treatment of cystic hygroma in the future.
